Introduction {#S0001}
============

Carbapenem-resistant Enterobacteriaceae (CRE) are a rapidly emerging healthcare problem as they are resistant to nearly all β-lactam antibiotics including most other antibiotic classes except for colistin, some aminoglycosides and, variably, tigecycline, which are the few remaining options for the treatment of CRE-infected patients.[@CIT0001] CRE exhibit rapid and widespread dissemination. Among the mechanisms attributable to carbapenem resistance among Enterobacterales, the acquisition of carbapenemase-encoding genes remains the most significant one.[@CIT0002] The horizontal transmission of carbapenemase genes, mediated by mobile genetic elements carrying additional resistance elements, confers resistance to various groups of antibiotics, resulting in multidrug resistance (MDR).[@CIT0003],[@CIT0004]

Carbapenemases (carbapenem hydrolyzing β-lactamases) belong to molecular class A, B and D β-lactamases, where classes A and D include the β-lactamases with serine at their active site while class B β-lactamases are metalloenzymes with zinc at the active site.[@CIT0005] OXA-48, a class D carbapenemase, is of major concern owing to its difficulty in detection and its association with treatment failure. Moreover, OXA-48-like enzyme variants are plasmid coded and hence associated with rapid dissemination in community settings. They were first isolated in Istanbul, Turkey, in 2001, from carbapenem-resistant *Klebsiella pneumoniae*.[@CIT0006]--[@CIT0008] Since then, 11 enzyme variants (OXA-48, OXA-48b, OXA-54, OXA-162, OXA-163, OXA-181, OXA-199, OXA-204, OXA-232, OXA-242 and OXA-247) have been confirmed and reported across the world.[@CIT0009] These enzyme variants differ from each other merely by the substitution or deletion of a few amino acids. The most common Gram-negative bacteria that produce OXA-48-like enzymes are *Escherichia coli*, *K. pneumoniae*, *Enterobacter cloacae*, *Serratia marcescens*, *Shewanella xiamenensis*, *Citrobacter freundii*, *Providencia rettgeri*, *Klebsiella oxytoca*, *Enterobacter sakazakii* and *Acinetobacter baumannii*.[@CIT0006] OXA-181 is one of the most commonly encountered OXA-48-like variants in different geographic regions.[@CIT0010]

Various studies have reported that food animals, particularly poultry, may be a significant reservoir for transfer of antibiotic-resistant genes in clinical bacterial isolates.[@CIT0011],[@CIT0012] *E. coli ST131*, also referred to as a "superbug", is responsible for community-acquired urinary tract infections (UTIs) and is resistant to fluoroquinolone and cephalosporin antibiotics.[@CIT0013] The coexistence of antibiotic-resistant genes and virulence factors in carbapenem-resistant *K. pneumoniae* in Italy indicates the emergence of a new clone of *K. pneumoniae*,[@CIT0014] which could pose a significant challenge in tackling antimicrobial resistance (AMR).

In Nepal, previous studies have reported the prevalence of carbapenem resistance in Gram-negative bacteria.[@CIT0015]--[@CIT0019] Studies have reported varying prevalences of carbapenem resistance in bacteria in different settings, including 7.4% in Model Hospital, Kathmandu,[@CIT0015] 12.6% in the Human Organ Transplant Center, Bhaktapur,[@CIT0016] 7.6% in Tribhuvan University Teaching Hospital, Maharajgunj, Kathmandu,[@CIT0018] and 27% in Kathmandu University Teaching Hospital, Sinamangal, Kathmandu.[@CIT0017] Another similar study, conducted in Bharatpur, Hospital, Chitwan, reported a 40% prevalence of carbapenem-producing Enterobacterales; 41.3% *E. coli* and 57.1% *K. pneumoniae* isolates.[@CIT0020] The prevalence of carbapenem-resistant strains varies in different hospitals, laboratories and research centers among the samples used for isolation of bacteria. It is essential to establish the routine diagnosis based on antibiotic susceptibility tests to monitor resistant strains in hospitals; however, it has not yet been regularized in Nepal. Very few focused carbapenem resistance studies have been published from Nepal, and there is a paucity of information on the circulation of CRE in different disease conditions and settings. Furthermore, the detection of genes conferring carbapenem resistance in the circulating bacteria helps in understanding the epidemiology and pathology of carbapenem-resistant microorganisms, ultimately providing evidence for designing appropriate antibiotic prescription guidelines and strategies. The main objective of this study was to explore the occurrence of carbapenem resistance in uropathogenic *E. coli* and *K. pneumoniae* and the detection of the *blaOXA-48* gene, conferring carbapenem resistance.

Methods {#S0002}
=======

Study Design, Study Site and Sample Population {#S0002-S2001}
----------------------------------------------

This cross-sectional study was conducted from April to September 2018, at Alka Hospital, Jawalakhel, Lalitpur, Nepal. The study population included patients of all ages and genders visiting the outpatients department or admitted to the hospital with suspicion of UTI. All of the study subjects provided written informed consent to participate in the study.

Sample Collection and Transportation {#S0002-S2002}
------------------------------------

The specimens were collected using a standard protocol from UTI-suspected patients attending the hospital for treatment. A sterile, dry, wide-mouthed, leak-proof container was used to collect 10--20 mL of clean voided urine The container was labeled clearly with the date, the hospital identification number of the patient and the time of collection, and immediately delivered to the microbiology laboratory of Alka Hospital, Lalitpur, for further processing, together with the request form containing the patient's clinical history.[@CIT0021]

Culture, Isolation and Identification of Isolates {#S0002-S2003}
-------------------------------------------------

The urine samples were cultured on MacConkey agar and 5% blood agar plates (Hi Media, India) by the semi-quantitative culture technique using a standard calibrated loop.[@CIT0022] After inoculation, the plates were incubated aerobically at 37°C overnight. The approximate number of colonies was counted.[@CIT0023] The colonies were further subcultured on appropriate media (nutrient agar) and the isolates were identified by exploring their cultural and biochemical characteristics.[@CIT0024],[@CIT0025]

Antibiotic Susceptibility Tests {#S0002-S2004}
-------------------------------

Bacterial isolates were analyzed for antibiotic susceptibility test using the modified Kirby--Bauer disc-diffusion method in Mueller--Hinton agar (MHA) (Hi Media, India).[@CIT0026] The antibiotic discs used were amikacin (30 μg), ampicillin (10 μg), cefixime (5 μg), ceftriaxone (30 μg), co-trimoxazole (25 μg), ciprofloxacin (5 μg), gentamicin (30 μg), nalidixic acid (30 μg), nitrofurantoin (300 μg), norfloxacin (10 μg), imipenem (10 μg) and meropenem (10 μg). MDR was defined as resistance to three or more classes of the antimicrobials tested.[@CIT0026]

Screening for Carbapenemase Production {#S0002-S2005}
--------------------------------------

For screening of carbapenemase-producing isolates, bacterial isolates resistant to imipenem and meropenem were selected. If the inhibition zone was ≤19 mm for imipenem and meropenem, the isolates were subjected to tests for confirmation of carbapenemase.[@CIT0026]

Phenotypic Confirmation of Carbapenemase Producers by Modified Hodge Test (MHT) {#S0002-S2006}
-------------------------------------------------------------------------------

Phenotypic confirmation for carbapenemase producers was carried out by the MHT. The MHT was utilized for the detection of carbapenemase production, as described by CLSI guidelines 2016.[@CIT0026]

The isolates were preserved in tryptic soya broth (TSB) containing 20% glycerol. The organisms were inoculated in 1 mL sterile TSB and incubated overnight, followed by aseptic addition of an equal volume of 20% sterile glycerol. The resulting broth was mixed thoroughly by shaking well, then stored at −20°C[@CIT0025],[@CIT0026] until further processing of the isolates for molecular analysis.

Detection of OXA-48 Gene {#S0002-S2007}
------------------------

### Plasmid Extraction {#S0002-S2007-S3001}

Single isolated colonies of *E. coli and K. pneumoniae* were separately inoculated in Luria--Bertani (LB) broth and incubated overnight at 37°C with aeration using a water bath shaker. The plasmid DNA was extracted using an alkaline hydrolysis method. The extracted plasmids were then suspended in TE buffer, labeled clearly and stored at −20°C.[@CIT0027]

Gene Amplification {#S0002-S2008}
------------------

For gene amplification, 3 μL plasmid DNA, 13 μL master mix, 8 μL nuclease-free water and 0.5 μL each of reverse and forward primers were added to make a final mixture volume of 25 μL. The plasmid DNA serves as the template for PCR. The primer pair used to detect the OXA-48 gene was OXA-48F (5ʹ-GCTTGATCGCCCTCGATT-3ʹ) and OXA-48R (3ʹ-GATTTGCTCCGTGGCCGAAA-5ʹ). The thermal cycling process consisted of initial denaturation at 94°C for 10 minutes, denaturation at 94°C for 40 seconds, annealing at 60°C for 40 seconds, with extension at 72°C for 1 minute and final extension at 72°C for 7 minutes. In total, 30 cycles were run. The amplified products were subjected to gel electrophoresis.[@CIT0028]

Agarose Gel Electrophoresis {#S0002-S2009}
---------------------------

The amplified PCR products were subjected to gel electrophoresis (2% gel stained with ethidium bromide (0.5 µg/mL)) at 70 V for 45 minutes. The gel was then placed on a UV-illuminator for photo documentation and results were analyzed. The molecular weight of the amplified product was estimated using a 100 bp DNA ladder (Molecular Biology, Thermo Scientific Company). The band of 281 bp was considered positive for the OXA-48 gene.[@CIT0028]

Quality Control {#S0002-S2010}
---------------

For the standardization of the Kirby--Bauer test, control strains of *E. coli* (ATCC 25,922) and *K. pneumoniae* (ATCC 700,603) were used.

Data Entry and Statistical Analysis {#S0002-S2011}
-----------------------------------

Data collected in the study and the results of laboratory investigations were entered in an Excel spreadsheet and analyzed using SPSS software (version 24) for statistical analysis. Statistical analysis was conducted using chi-squared tests and associations with *p*-value \<0.05 were considered statistically significant.

Results {#S0003}
=======

Distribution of Bacterial Isolates {#S0003-S2001}
----------------------------------

Among 154 bacterial isolates obtained from urine culture, *E. coli* was the most predominant (62.9%; 97/154), followed by *K. pneumoniae* (15.6%; 24/154) and *Staphylococcus aureus* (7.8%; 12/154). Among 154 patients, 77.3% (119/154) were male and 22.7% (35/154) were female. Regarding the age distribution of UTI patents, 50.6% (78/154) were from the age group 16--45 years, followed by the age group \>45 years (37.7%; 58/154) ([Table 1](#T0001){ref-type="table"}).Table 1Demographic Characteristics and Distribution of Bacterial Isolates in Urine Samples of Patients with Urinary Tract Infection (n=154)Samples/Bacteria Identified/CharacteristicsCulture Positive (Number)Percentage (%)*p*-ValueUrine (n=1013)15415.2Gram-negative bacteria14191.5*Escherichia coli*9762.9*Klebsiella pneumoniae*2415.6*Klebsiella oxytoca*31.9*Citrobacter* spp.31.9*Proteus* spp.74.6*Pseudomonas* spp.42.6*Acinetobacter* spp.21.3*Serratia* spp.10.7Gram-positive bacteria138.5*Staphylococcus aureus*127.8*Enterococcus faecalis*10.7Age group (years) 0--15 (n=150)1811.70.5 16--45 (n=475)7850.6 \>45 (n=388)5837.7Gender Male (n=290)3522.70.1 Female (n=723)11977.3

Antimicrobial Susceptibility Pattern of *E. coli* and *K. pneumoniae* {#S0003-S2002}
---------------------------------------------------------------------

Out of 154 bacterial isolates, only 97 *E. coli* and 24 *K. pneumoniae* isolates were processed for antibiotic susceptibility tests. Among 97 *E. coli* isolates, 72.2% (70/97) were found to be resistant to nalidixic acid, followed by ampicillin (67%; 65/97) and norfloxacin (55.7%; 54/97), whereas most were susceptible to imipenem (96.9%; 94/97), meropenem (95.9%; 93/97) and nitrofurantoin (95.9%; 93/97). Similarly, among 24 *K. pneumoniae* isolates, 100% (24/24) were found to be resistant to ampicillin, followed by cefixime (83.3%; 20/24), cotrimoxazole (66.7%; 16/24), imipenem (66.7%; 16/24) and meropenem (66.7%; 16/24) ([Table 2](#T0002){ref-type="table"}).Table 2Antimicrobial Susceptibility Patterns of the Isolated *E. coli and K. pneumoniae*Mode of ActionAntimicrobial CategoryAntibiotics*E. coli* (n=97)*K. pneumoniae* (n=24)SensitiveResistantSensitiveResistantN (%)N (%)N (%)N (%)Cell wall synthesis inhibitorsAminopenicillinAmpicillin (10 µg)32 (33)66 (67)0 (0)24 (100)Extended-spectrum cephalosporinsCeftriaxone (30 µg)48 (49.5)49 (50.5)5 (20.8)19 (79.2)Cefixime (5 µg)48 (49.5)49 (50.5)4 (16.7)20 (83.3)CarbapenemsImipenem (10 µg)94 (96.9)3 (3.1)8 (33.3)16 (66.7)Meropenem (10 µg)93 (95.9)4 (4.1)8 (33.3)16 (66.7)Protein synthesis inhibitorsAminoglycosidesAmikacin (30 µg)90 (92.8)7 (7.2)12 (50)12 (50)Nucleic acid synthesis inhibitorsQuinolonesNalidixic acid (30 µg)27 (27.8)70 (72.2)11 (45.813 (54.2)FluoroquinolonesCiprofloxacin (5 µg)46 (47.4)51 (52.6)12 (50)12 (50)Norfloxacin (10 µg)43 (44.3)54 (55.7)10 (41.714 (58.3)NitrofuransNitrofurantoin (300 µg)93 (95.9)4 (4.2)10 (41.7)14 (58.3)Folate pathway inhibitorsTrimethoprim and sulfamethoxazoleCotrimoxazole (25 µg)57 (58.8)40 (41.2)8 (33.3)16 (66.7)

MDR Profile in Bacterial Isolates {#S0003-S2003}
---------------------------------

Among the total 121 bacterial isolates, 61.1% (74/121) were multidrug-resistant bacteria; the highest proportion of bacterial isolates with MDR was found in *K. pneumoniae* (91.6%; 22/24), followed by *E. coli* (53.6%; 52/97) ([Figure 1](#F0001){ref-type="fig"}).Figure 1MDR in *E. coli* and *K. pneumoniae.*

Prevalence of Multidrug-Resistant Bacterial Isolates According to Gender and Age Group of Patients {#S0003-S2004}
--------------------------------------------------------------------------------------------------

Out of 121 bacterial strains, 61.1% (74/121) were multidrug-resistant bacteria. Among these 74 MDR bacterial isolates, 70.3% (52/74) were *E. coli* and 29.7% (22/74) were *K. pneumoniae*. Among the 74 MDR bacterial isolates, 78.4% (58/74) were isolated from female patients and 21.6% (16/74) were male. The highest percentage of MDR bacteria (52.7%; 39/74) was isolated from the patients in the age group 16--45 years, followed by the age group \>45 years (41.9%; 31/74) ([Table 3](#T0003){ref-type="table"}).Table 3Prevalence of Multidrug Resistance (MDR), Carbapenem Resistance and OXA-48 in *E. coli* and *K. pneumoniae*CharacteristicMDRCarbapenem Resistance\*Modified Hodge TestOXA-48N (%)N (%)N (%)N (%)Bacterial isolates *E. coli* (n=97)52 (70.3)3 (27.3)2 (28.6)1 (33.3) *Klebsiella pneumoniae* (n=24)22 (29.7)8 (72.7)5 (72.4)2 (66.7) *p*-Value\<0.001\<0.00100.15Gender Male16 (21.6)2 (18.2)1 (16.7)1 (33.3) Female58 (78.4)9 (81.8)6 (83.7)2 (66.7) *p*-Value0.2110.880.45Age group (years) 0--154 (5.4)000 16--4539 (52.7)7 (63.6)4 (51.1)2 (66.7) \>4531 (41.9)4 (36.4)3 (49. 9)1 (33.3) *p*-Value0.640.680.870.91[^1]

Phenotypic Detection of Carbapenemase Production {#S0003-S2005}
------------------------------------------------

Out of 121 bacterial strains, 9.1% (11/121) were phenotypically confirmed to be carbapenem resistant (imipenem and meropenem resistance) ([Figure 2](#F0002){ref-type="fig"}). Among 11 carbapenem-resistant bacterial isolates, 72.7% (8/11) were *K. pneumoniae* and 27.3% (3/11) were *E. coli*. Out of 11 isolates, only seven were confirmed as carbapenem producers by the MHT. Of these, 72.4% (5/7) were *K. pneumoniae* and 28.6% (2/7) were *E. coli* ([Table 3](#T0003){ref-type="table"}).Figure 2Phenotypic detection of carbapenemase production by the modified Hodge test (MHT). 1: Negative control; 2, 3, 4: MHT-positive test isolates showing cloverleaf-like indentation due to carbapenemase production.

Antimicrobial Susceptibility Pattern of Carbapenem-Resistant *E. coli* and *K. pneumoniae* (n=11) {#S0003-S2006}
-------------------------------------------------------------------------------------------------

All 11 carbapenem-resistant bacterial isolates (100%; 11/11) were found to be resistant to ampicillin, ciprofloxacin, nalidixic acid, norfloxacin, ceftriaxone, cefixime, imipenem and meropenem. However, nitrofurantoin was most effective against carbapenem-resistant *E. coli* (100%) and *K. pneumoniae* (87.5%) ([Figure 3](#F0003){ref-type="fig"}).Figure 3Antibiotic resistance profile of carbapenem-resistant *E. coli* and *K. pneumoniae.*

Prevalence of OXA-48 Gene Among Carbapenem-Resistant Uropathogenic *E. coli* and *K. pneumoniae* {#S0003-S2007}
------------------------------------------------------------------------------------------------

Among the 11 carbapenem-resistant bacterial isolates, 27.3% (3/11) had the OXA-48 gene detected by PCR ([Figure 4](#F0004){ref-type="fig"}) and the remaining eight isolates were negative. Of the three isolates with the OXA-48 gene, 33.3% (1/3) were *E. coli* and 66.7% (2/3) were *K. pneumoniae*. Of the three isolates with the OXA-48 gene, 66.7% (2/3) were isolated from female and 33.3% (1/3) from male patients ([Table 3](#T0003){ref-type="table"}).Figure 4Agarose gel electrophoresis showing PCR-amplified OXA-48 gene (281 bp). Lane 1: 100 bp DNA ladder (Thermo Scientific); lane 2: positive control; lane 3: negative control; lanes 4--6: test plasmids positive for OXA-48 gene.

Discussion {#S0004}
==========

In this study, one-sixth of urine samples showed significant bacterial growth (≥10^5^ cfu/mL). These findings are similar to some previous studies reported from Nepal.[@CIT0029]--[@CIT0031] However, other studies, from Alka Hospital, Jawalkhel, Lalitpur, and Everest Hospital, Baneshwor, Kathmandu, reported slightly higher bacterial growth (\>20%) in urine samples.[@CIT0032],[@CIT0033] The lower growth rate in our study may have been due to previous antibiotic use. Patients in this study may have received treatment for other infectious diseases.

In our study, more than 90% of bacterial isolates were Gram negative, *E. coli* being the predominant bacterium. These findings are in line with previous studies from Bhaktapur,[@CIT0028] Baneshwor,[@CIT0033] Jawlakhel,[@CIT0032] Biratnagar,[@CIT0031] Dharan[@CIT0034] and Bhairahawa, Nepal;[@CIT0035] New Delhi, India;[@CIT0036] Shashemene referral hospital, Ethiopia;[@CIT0037] Al-Najaf City, Iraq;[@CIT0038] and Mexico City, Mexico.[@CIT0039] The presence of various virulence properties, such as P-fimbriae, production of α- and β-hemolysins, and the ability to bind to the glycoconjugate receptor (Galα1--4Gal) of the uroepithelial cells of human urinary tract contribute to the ability of *E. coli* to cause UTIs.[@CIT0040] Enterobacteria, including *E. coli*, are among the gastrointestinal tract flora colonizing the periurethral area which can access and ascend the urethra, causing UTIs more frequently than other pathogens.[@CIT0041]

In this study, *E. coli* isolates showed the highest levels of antibiotic resistance to nalidixic acid and ampicillin, followed by norfloxacin, whereas nitrofurantoin and amikacin were found to be the most effective antibiotics. A similar pattern of antibiotic susceptibility was reported against uropathogenic *E. coli* isolates from the International Friendship Children's Hospital, Maharajgunj, Kathmandu,[@CIT0042] Chitwan Medical College, Bharatpur, Chitwan,[@CIT0043] and Padma Hospital, Pokhara, Nepal.[@CIT0044] *Klebsiella pneumoniae* isolates were highly resistant to third generation cephalosporins (cefixime and ceftriaxone), which may be due to the production of extended-spectrum β-lactamase (ESBL).[@CIT0045]

AMR, including MDR, is a global issue. Its impact varies among different countries, with a relatively high burden in developing countries.[@CIT0046] Moreover, multidrug-resistant pathogens are often difficult to treat and are associated with nosocomial origin.[@CIT0047] MDR poses a major threat in the management of uropathogens.[@CIT0048]--[@CIT0050] More than 60% of the isolates in this study, mostly being *K. pneumoniae* (91%) and *E. coli*, showed MDR. A high prevalence of bacteria with MDR has been reported frequently in other studies conducted in Kathmandu[@CIT0047],[@CIT0051]-[@CIT0053] and outside Kathmandu valley.[@CIT0054]--[@CIT0056] Bacterial resistance to β-lactam group antibiotics has increased notably, with secretion of the ESBL enzyme carbapenemase.[@CIT0057] Furthermore, resistance to multiple drugs occurs as a result of the accumulation and expression of multiple genes (each coding for resistance to a single drug) on resistance (R) plasmids or increased expression of genes encoding multidrug efflux pumps.[@CIT0058] In addition, the genes encoding β-lactamase enzymes are often found associated with non-β-lactam agents (e.g. aminoglycosides and fluoroquinolones). Therefore, bacterial resistance determinants lead to complex multidrug-resistant phenotypes and sometimes pan-resistance.[@CIT0059]

In the current study, a higher rate of carbapenem resistance was observed in *K. pneumoniae* (33.3%; 8/24) than in *E. coli* isolates (3.9%; 3/97). Similar findings were reported from studies conducted in Model Hospital, Kathmandu,[@CIT0015] Chitwan Medical College, Chitwan,[@CIT0060] and North India.[@CIT0061] Another study from Alka Hospital, Lalitpur, reported higher numbers of carbapenem-resistant *E. coli* than *K. pneumoniae*. The production of carbapenemase enzymes, overexpression of efflux pumps, porin loss and alterations in penicillin binding proteins are the major factors for carbapenem resistance in Gram-negative bacteria.[@CIT0062]

In this study, out of 11 phenotypic carbapenem bacterial isolates, two (28.6%) *E. coli* isolates and five (71.4%) *K. pneumoniae* isolates were positive in the MHT. These findings are in line with studies reported from Punjab, India.[@CIT0063] The MHT has a sensitivity and specificity of 96% and 84%, respectively, for detection of the OXA-48 gene.[@CIT0064] CLSI-recommended methods such as the CarbaNP test and mCIM were unavailable in our settings; the MHT was used for confirmation. In this study, among eight carbapenem-resistant *K. pneumoniae* isolates, two were found to have the OXA-48 gene, as confirmed by PCR amplification. Similarly, among three carbapenem-resistant *E. coli* isolates, one had the OXA-48 gene. The findings of our study are in line with studies reported from Germany,[@CIT0065] Jordan[@CIT0066] and Taiwan.[@CIT0067] OXA-48 genes have mostly been detected in *K. pneumoniae* but are also found in various Enterobacterales such as *E. coli* because of the high conjugation rate of pOXA-48a.[@CIT0068],[@CIT0069] The *blaOXA-48* gene in Enterobacterales is situated between two identical copies of IS1999 which form composite transposon Tn1999, present on an IncL/M self-conjugative plasmid (\~62 kb size).[@CIT0070] OXA-48-like enzymes have weak hydrolytic activity for both carbapenem and broad-spectrum cephalosporins; this complicates their detection as they may go undetected in routine diagnosis, thus narrowing the treatment options.[@CIT0071]

Implications for Antimicrobial Resistance and Infection Control {#S0004-S2001}
---------------------------------------------------------------

Antimicrobial resistant-microbes can spread between people and animals (including food of animal origin) and from person to person.[@CIT0046] Inappropriate or inadequate management of infections, poor sanitation and inappropriate food-handling practices are responsible for the increasing spread of AMR.[@CIT0072] There are a number of factors contributing to the increasing rates of AMR in bacteria in Nepal.[@CIT0046] First, antibiotics can be purchased over the counter without the need for prescription, which may lead to the misuse of antibiotics.[@CIT0046],[@CIT0073] Secondly, there is no regulation of national guidelines for the use of antibiotics.[@CIT0074],[@CIT0075] Thirdly, incomplete/inappropriate dosages of antibiotics, which cannot kill the bacteria completely, instead nurture the bacteria to develop further resistance to the antibiotics.[@CIT0046],[@CIT0073] The use of wide-spectrum antibiotics for the treatment of common infections is quite common in Nepal, which, although often curing the disease, provides a conducive ground for the multiplication of multidrug-resistant strains. Moreover, many antibiotics are prescribed without culture and sensitivity tests, owing to the high levels of empiric treatment and lack of laboratory facilities in most areas of Nepal.

Thus, regular surveillance of hospital-associated infections and antibiotic sensitivity patterns and the formulation of a definitive antibiotic policy may be helpful for reducing the incidence of antibiotic resistance. Furthermore, healthcare workers require regular formal training in controlling hospital infections, and hospitals and healthcare centers would benefit from implementing infection control programs or adopting an infection control protocol.[@CIT0076]

Strengths and Limitations {#S0005}
=========================

This study will be a useful reference for future studies to explore and expand on the wider prevalence of carbapenem-resistant organisms in hospitals, patients and community settings. Since our study was based on a phenotypic detection method using the MHT and detection of the OXA-48 gene by conventional PCR, genotypic characterization of other carbapenemase-encoding genes such as KPC, NDM, VIM and IMI, and coexpression of ESBL-encoding genes, will be fruitful in the future. Our study was limited by the fact that we were not able to explore the phenotypic variations using newer technologies. In future, investigations using microfluidics and time-lapse microscopy could help to identify the phenotypic variants in clonal microbial populations. ^77,\ 78^. Our study was based on a single healthcare center; future studies capable of covering a wider range of healthcare settings and community surveillance could establish the actual burden of the disease and the prevalence rates of multidrug-resistant strains.

Conclusion {#S0006}
==========

One-tenth of the bacterial isolates showed carbapenem resistance phenotypically in urine samples, with detection of the *blaOXA-48* gene in 30% of isolates (33% in *E. coli* and 67% in *K. pneumoniae*). OXA-48 serves as a potential vehicle for the spread of genes among clinical isolates and to the intestinal flora. Molecular detection techniques such as PCR, although apparently costly, far outweigh the other protocols in use, thereby helping healthcare professionals and policy makers to combat the unabated challenge created by the burgeoning problems of AMR and MDR.
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[^1]: **Note:** \*Phenotypically both imipenem and meropenem resistant.
